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Introduction {#jdi12815-sec-0005}
============

Diabetic retinopathy (DR) is a common microvascular complication, and the main cause of associated functional impairment and avoidable blindness[1](#jdi12815-bib-0001){ref-type="ref"}, [2](#jdi12815-bib-0002){ref-type="ref"}, [3](#jdi12815-bib-0003){ref-type="ref"}. One‐third of diabetes patients have DR symptoms, while the prevalence of other vision‐threatening diseases, such as diabetic macular edema and proliferative diabetic retinopathy, is approximately one‐tenth[4](#jdi12815-bib-0004){ref-type="ref"}, [5](#jdi12815-bib-0005){ref-type="ref"}. DR features basement membrane thickening and apoptosis of capillary cells, leading to neovascularization and retinal ischemia/hypoxia[6](#jdi12815-bib-0006){ref-type="ref"}, [7](#jdi12815-bib-0007){ref-type="ref"}. Hyperglycemia is considered the main contributing factor of DR, with hypertension, hypercholesterolemia, hyperlipidemia, alcohol consumption and smoking following closely[8](#jdi12815-bib-0008){ref-type="ref"}, [9](#jdi12815-bib-0009){ref-type="ref"}. Traditional treatments for DR using laser photocoagulation, intravitreal corticosteroids and vitreoretinal surgery are shown to have side‐effects and limitations, therefore insulin‐like growth factor (IGF) and vascular endothelial growth factor are becoming increasingly important methods of treatment[10](#jdi12815-bib-0010){ref-type="ref"}, [11](#jdi12815-bib-0011){ref-type="ref"}, [12](#jdi12815-bib-0012){ref-type="ref"}. Recently, extensive studies have suggested the involvement of micro‐ribonucleic acids (miRNAs) in treating DR[13](#jdi12815-bib-0013){ref-type="ref"}, [14](#jdi12815-bib-0014){ref-type="ref"}.

miRNAs are essential in modulating several important biological pathways and cellular functions, consequently making a difference on protein expressions[15](#jdi12815-bib-0015){ref-type="ref"}. Studies have shown that serum miRNAs are capable of serving as biomarkers for various diseases, including DR[16](#jdi12815-bib-0016){ref-type="ref"}, [17](#jdi12815-bib-0017){ref-type="ref"}, [18](#jdi12815-bib-0018){ref-type="ref"}. miR‐365 is a potential therapeutic target for diabetes mellitus, because of its ability to act like an endocrine signaling molecule and potential disease biomarker[19](#jdi12815-bib-0019){ref-type="ref"}, [20](#jdi12815-bib-0020){ref-type="ref"}. The neurotrophic insulin‐like growth factor‐1 (IGF‐1), which regulates glucose and participates in retinal endotheliocyte proliferation and neovascularization, is heavily involved in DR pathogenesis through many different pathways[21](#jdi12815-bib-0021){ref-type="ref"}, [22](#jdi12815-bib-0022){ref-type="ref"}. IGF‐1 is an attributing factor in controlling neuronal excitability, as well as the metabolism and survival of neurons[23](#jdi12815-bib-0023){ref-type="ref"}. Other researchers believe that miR‐365 expression can be depressed by IGF‐1 treatment[24](#jdi12815-bib-0024){ref-type="ref"}. However, little research has been carried out on the link between miR‐365 and DR. The present study aimed to explore the effects of miR‐365 on apoptosis of retinal neurons by targeting IGF‐1 in diabetic rats, and developing experimental bases for future studies and gene therapy of DR.

Methods {#jdi12815-sec-0006}
=======

Ethical statement {#jdi12815-sec-0007}
-----------------

This experiment was operated in accordance with the instructions of the plasmid isolation kit (Promega, Madison, WI, USA). All experiments were carried out in accordance with the international guideline\'s Principles of Laboratory Animals Care and were approved by the Animal Care Committee of the Shanghai General Hospital, Shanghai Jiao Tong University, School of Medicine.

Primary culture of retinal neurons {#jdi12815-sec-0008}
----------------------------------

The eyeballs of Sprague--Dawley rats aged 1--3 days (Shanghai SIPPR/BK Laboratory Animal Co., Ltd., Shanghai, China) were extracted. The rat\'s retinal layer was separated by blunt dissection, then cut into tissue blocks and collected in a centrifuge tube. Single cell suspension was prepared using a straw, and then filtered. After centrifugation, the collected retinal neurons were re‐suspended at 1 × 10^6^/mL. Next, the retinal neurons were seeded into a six‐well polylysine‐coated plate (Sigma‐Aldrich, St. Louis, MO, USA) and incubated at 37°C in a 5% CO~2~ incubator. After 24 h, the culture medium was changed to a maintenance medium (Invitrogen, Camarillo, CA, USA) containing 97.5% neurobasal medium, and 2% B~27~, 0.5% 200 mmol/L [l]{.smallcaps}‐glutamine. Medium change was carried out again after 2--3 days. The cell morphology was observed under the phase contrast microscope every day.

Immunohistochemistry {#jdi12815-sec-0009}
--------------------

The cultured cells were inoculated on the cells of the cell slides treated with polylysine. After the cells grow to the appropriate density, immunohistochemistry staining was carried out. Each slide was washed by phosphate‐buffered saline (PBS) three times (3 min for each time). Cells were fixed in 4% polyformaldehyde for 20 min, treated with 3% hydrogen peroxide for 10 min to reduce the activity of endogenous catalase, and then washed by PBS three times. The sections were blocked with 5% goat serum for 30 min, and then incubated overnight with a mouse‐anti‐rat nestin monoclonal antibody (1:200 dilution, ab11306; Abcam, Cambridge, UK) and the rabbit‐anti‐rat glial fibrillary acidic protein (GFAP) polyclonal antibody (1:200, ab7260; Abcam) at 4°C. After the incubation, sections were washed with PBS for 3 × 5 min, incubated with biotin‐labeled secondary antibody (Boster Bioengineering Co., Ltd, Wuhan, China) for 30 min and streptomycin labeled ovalbumin working fluid for 30 min, respectively, and then the signals were amplified. Subsequently, the sections were stained with diaminobenzidine and observed by an optical microscope, and then the experimental results were shot.

Model establishment of high glucose and grouping {#jdi12815-sec-0010}
------------------------------------------------

After an incubation period of 3 days, the isolated retinal neurons were seeded into a 24‐well plate and assigned to a normal control group, a high glucose‐induced group with concentrations of 5, 20, 30 and 50 mmol/L, and a mannitol treatment group with concentrations of 5, 10, 20 and 30 mmol/L. After 24, 48 and 72 h of high‐glucose exposure, the retinal neurons were observed. The survival rate was obtained by 3‐(4, 5‐dimethyl‐2‐thiazolyl)‐2, 5‐diphenyl‐2‐H‐tetrazolium bromide assay to determine the appropriate concentration for high‐glucose‐induced models.

Dual‐luciferase reporter gene assay {#jdi12815-sec-0011}
-----------------------------------

miRNA bioinformatics target predictor software predicted the miR‐365 binding site in the 3′‐untranslated region (3′UTR) of IGF‐1, and the promoter region sequence of IGF‐1 3′UTR containing the miR‐365 binding site was synthesized. Next, they were inserted into a pGL3 NC vector (Promega) of the *Bgl*II site at the 5′ end to construct a wild‐type (WT) plasmid of IGF‐1 3′UTR (named IGF‐1 3′UTR‐WT). A mutant plasmid of IGF‐1 3′UTR (named IGF‐1 3′UTR‐MUT) was constructed by mutating the miR‐365 binding site, based on IGF‐1 3′UTR‐WT. The reporter vector used in this experiment was pcDNA3.l‐luc, which encodes firefly luciferase. To measure transfection efficiency, pRL‐TK was transfected as an internal control, which encodes *Renilla* luciferase. After preheating and zero setting, 40 μL of luciferase assay reagent II and 40 μL of Stop & Glo reagent were added. The luciferase activities were measured and recorded.

Cell grouping and transfection {#jdi12815-sec-0012}
------------------------------

High‐glucose‐induced retinal neurons were assigned into the blank (without plasmid transfection), negative control (NC; with NC plasmid transfection), transfected miR‐365 antagomir (anti‐miR‐365), transfected IGF‐1 short hairpin RNA (shRNA) plasmid (sh‐IGF‐1) and transfected miR‐365 antagomir and IGF‐1 shRNA plasmid (anti‐miR‐365 + sh‐IGF‐1) groups. The lentiviral vectors and shRNA plasmids used in this experiment were constructed by Shanghai GeneChem Co., Ltd (Shanghai, China). After trypsin digestion, the retinal neurons (2 × 10^5^ cells/mL) of all groups at logarithmic growth phase were placed into six‐well plates, 1 day before transfection. Once the cell confluence reached 50--70%, adherent retinal neurons were transfected with a virus. The virus solution (Invitrogen, Carlsbad, CA, USA) was diluted by a medium containing 5 μg/mL polybrene. Retinal neurons were added with virus diluents (1 mL/well), then incubated in an incubator for 120 h.

5‐Ethynyl‐2′‐deoxyuridine assay {#jdi12815-sec-0013}
-------------------------------

After dilution, retinal neurons were adjusted to 5 × 10^4^ cells/well and inoculated into a 96‐well polylysine‐coated plate (Sigma‐Aldrich). They were then cultured for cell adhesion. After cell confluence reached 80%, the 10% fetal bovine serum culture medium was replaced with serum‐free medium for 24 h to synchronize the cells. Next, the retinal neurons were assigned into the five groups mentioned above (with six wells per group), and 10 μmol/L 5‐ethynyl‐2′‐deoxyuridine (EdU) was added to the medium of each group. After incubation for 24, 48 and 72 h, an inverted fluorescence microscope was used to observe and count the cells.

Hoechst 33342 staining {#jdi12815-sec-0014}
----------------------

The retinal neurons were placed in a six‐well polylysine‐coated plate (Sigma‐Aldrich). After cell confluence reached 80%, the retinal neurons were incubated for an additional 48 h before Hoechst 33342 staining. The Hoechst 33342 staining procedure was carried out in accordance with the instructions of Hoechst 33342 solution (Beijing Fanbo Biochemicals Co., Ltd., Beijing, China). After the medium was removed, the retinal neurons were washed twice with PBS (Gibco Life Technologies, Grand Island, NY, USA), then fixed with 4% paraformaldehyde for 30 min. Afterwards, the fixed neurons were washed twice with PBS again (GibcoBRL), then stained with 0.5 mL of Hoechst 33342 solution for another 30 min. The retinal neurons were then washed three times with PBS (Gibco Life Technologies), and the plates were observed and photographed under a fluorescence microscope. Three fields were randomly chosen, and \>200 retinal neurons were counted. The calculation for the apoptosis rate is as follows: apoptosis rate = the number of apoptotic neurons/the total number of neurons.

Reverse transcription quantitative polymerase chain reaction {#jdi12815-sec-0015}
------------------------------------------------------------

The total RNA from retinal tissues and retinal neurons of all groups was separated in accordance with the instructions of the manufacturer (Qiagen, Valencia, CA, USA). The spectrophotometer detected optical density at 260/280 of extracted RNA. RNA concentrations were calculated and stored at −80°C for preservation. The complementary deoxyribonucleic acid was synthesized by reverse transcription in accordance with the manufacturer\'s instructions (Qiagen).

Specific reverse transcription stem‐loop primer and primer for polymerase chain reaction amplification were designed using Primer Premier 5.0, based on the sequences of GenBank and miRBase (Table [1](#jdi12815-tbl-0001){ref-type="table"}). All primers were synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). U6 expression was used as the internal reference to determine miR‐365 expression, and the β‐actin expression served as the internal reference for expression of other genes. The polymerase chain reaction results were evaluated by solubility curve, and a cycle threshold value was generated. Gene expression was measured and calculated using the 2^−▵▵Ct^ method.

###### 

Primer sequences for reverse transcription quantitative polymerase chain reaction

  Gene      Forward                      Reverse
  --------- ---------------------------- ----------------------------
  miR‐365   5′‐CGTAATGCCCCTAAAAAT‐3′     5′‐GTGCAGGGTCCGAGGT‐3′
  U6        5′‐CTCGCTTCGGCAGCACA‐3′      5′‐AACGCTTCACGAATTTGCGT‐3′
  IGF‐1     5′‐TTAACCAGTTCTGCTGCTGC‐3′   5′‐TGGTGTAAGCGTCTACTGCT‐3′
  Bax       5′‐GCGAATTGGAGATGAACTGG‐3′   5′‐GTGAGCGAGGCGGTGAGGAC‐3′
  Bcl‐2     5′‐GCAACCGAACGCCCGCTGTC‐3′   5′‐GTGATGCAGGCCCCCACCAG‐3′
  β‐Actin   5′‐CGTTGACATCCGTAAAGACC‐3′   5′‐AACAGTCCGCCTAGAAGCAC‐3′

Bax, Bcl‐2 associated X protein; IGF‐1, insulin‐like growth factor‐1; miR‐365, micro‐ribonucleic acif‐365.

John Wiley & Sons, Ltd

Western blotting {#jdi12815-sec-0016}
----------------

Proteins were extracted from the retinal tissues and retinal neurons of all groups. The protein concentration was measured using a bicinchoninic acid protein assay kit (Beijing Beyotime Biotechnology Co., Ltd., Beijing, China). The membranes were incubated overnight at 4°C with primary antibodies IGF‐1 (1:1000; Bioworld Technology, Inc., St. Louis Park, MN, USA), Bcl‐2‐associated X protein (Bax; mouse anti; 1:200; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and Bcl‐2 (mouse anti; 1:500; Santa Cruz Technology). Next, the secondary antibodies were added and the membranes were incubated at room temperature for 1 h. After membranes were rinsed, the blots were visualized using enhanced chemiluminescence. β‐Actin was used as an internal reference. The films were documented using Bio‐Rad Gel Doc EZ System (GEL DOC EZ IMAGER; Bio‐Rad, Hercules, CA, USA), and the bands were quantified using gray scale values measured by ImageJ software (ImageJ 1.34; National Institutes of Health, Bethesda, MD, USA).

Animal model establishment and grouping {#jdi12815-sec-0017}
---------------------------------------

A total of 60 male Sprague--Dawley rats (180 ± 20 g) were purchased from Shanghai SIPPR‐BK Laboratory Animal Co., Ltd (Shanghai, China). All rats were fed free regular diets. An intraperitoneal injection using 1% of streptozotocin (60 mg/kg; Sigma‐Aldrich) was given to 50 Sprague--Dawley rats to induce diabetes mellitus. Once 48 h had passed after streptozotocin injection, rats with tail vein blood glucose level \>16.7 mmol/L were considered diabetic. The diabetic rats were randomly assigned into the blank group (intravitreal injection of 10 μL of normal virus diluent), the NC group (intravitreal injection of 10 μL of virus‐negative control), the anti‐miR‐365 group (intravitreal injection of 10 mL of lentiviral solution of anti‐miR‐365), the sh‐IGF‐1 group (intravitreal injection of 5 mL of lentiviral solution of sh‐IGF‐1) and the anti‐miR‐365 + sh‐IGF‐1 group (intravitreal injection of 5 mL of lentiviral solution of anti‐miR‐365, and 5 mL of lentiviral solution of sh‐IGF‐1). All rats were successfully established, and 10 rats were assigned to each group. The 10 rats that had not been injected with streptozotocin served as normal controls (the control group). Virus sequences of anti‐miR‐365, sh‐IGF‐1 and NC of virus were constructed by Shanghai GeneChem Co., Ltd. and packaged into lentiviruses. The viral titer value was 10^9^/mL. The intravitreal injection was carried out.

Retina paraffin sections {#jdi12815-sec-0018}
------------------------

Eight weeks after treatment, the rats were anesthetized with an intraperitoneal injection of ketamine hydrochloride (2 mL; 50 mg/kg). The heart was exposed, and after being opened, the apex of the left ventricle was inserted with a needle connected to a perfusion pump. Once clear fluid was drawn out, perfusion was carried out using 4% paraformaldehyde until the rat was stiff in the limbs. The eyeballs were removed and fixed by 4% paraformaldehyde, and the anterior segment and vitreous body were taken out. The remaining eyeball wall was dehydrated using gradient ethanol, hyalinized by dimethylbenzene, embedded in paraffin and sectioned at a thickness of 8 μL.

Hematoxylin--eosin staining {#jdi12815-sec-0019}
---------------------------

The paraffin sections were dehydrated, stained purple with Hansen\'s hematoxylin, differentiated, stained with eosin, dehydrated, cleared and sealed with neutral gum.

Terminal deoxynucleotidyl transferase DUTP nick‐end labeling staining {#jdi12815-sec-0020}
---------------------------------------------------------------------

The tissues of all groups were examined using a Terminal deoxynucleotidyl transferase dUTP nick‐end labeling (TUNEL) kit (Beyotime, Beijing, China) to generate the apoptosis index. TUNEL staining was operated with a TUNEL kit (Beyotime) in accordance with the manufacturer\'s protocol. The tissue sections were floated in a water bath for 60 min at 37°C and washed five times in poly(butylene succinate‐eo‐terephthalate). The sections were incubated with corresponding antibodies in the dark at 37°C and added with peroxidase. The staining was visualized using 3, 3′‐diaminobenzidine. Then, the sections were sealed followed by 12 h of air drying. Under a light microscope with ×400 magnification in five fields of view, the sections of each group were observed and photographed. The number of positive retinal neurons and total retinal neurons were calculated. The apoptosis index calculation was carried out as follows: apoptosis index = the number of positive retinal neurons/the number of total retinal neurons.

Statistical analysis {#jdi12815-sec-0021}
--------------------

SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Measurement data is expressed by mean ± standard deviation. Two‐tailed Student\'s *t*‐test was applied to analyze the difference between two groups. Comparison among three groups was analyzed by one‐factor analysis of variance ([anova]{.smallcaps}). Enumeration data is expressed as a percentage or rate, and compared by the χ^2^‐test. Pearson correlation analysis was carried out. *P* \< 0.05 was considered to show a statistically significant result.

Results {#jdi12815-sec-0022}
=======

Nestin and GFAP‐positive cells were detected {#jdi12815-sec-0023}
--------------------------------------------

Immunohistochemistry staining was carried out to detect the positive cells (Figure [1](#jdi12815-fig-0001){ref-type="fig"}). After 3 days of cell culture, most of the surviving cells were NSE‐positive cells, and a few were GFAP‐positive cells. NSE‐positive cells were circular or oval, and some neurites were seen while GFAP positive cells were flat or spindle.

![Result of immunohistochemical staining. (a) Nestin‐positive cells were detected. (b) Glial fibrillary acidic protein positive cells were detected.](JDI-9-1041-g001){#jdi12815-fig-0001}

Survival rates of retinal neurons treated with different concentrations of glucose, mannitol and IGF‐1 {#jdi12815-sec-0024}
------------------------------------------------------------------------------------------------------

The survival rates of retinal neurons induced by glucose and mannitol of different concentrations were analyzed using EdU assay. The results showed that, 12 h after being intervened by glucose of different concentrations (*P* \> 0.05), survival rates showed no significant difference among all groups. In comparison with normal retinal neurons (the control group), survival rates of cells induced by high glucose (20, 30 and 50 mmol/L) were decreased (*P* \< 0.05), with the most obvious decrease taking place in retinal neurons induced by high glucose concentrations of 50 mmol/L (*P* \< 0.05). The survival rates of retinal neurons induced with different concentrations of high glucose varied by period of time (*P* \< 0.05). After 48 and 72 h of high glucose induction, the survival rates of retinal neurons were lower than that after 12 h (*P* \< 0.05), and the survival rate after 72 h was lower than that after 48 h (*P* \< 0.05). The retinal neurons induced by glucose concentrations of 30 mmol/L showed a 50% decrease in survival rate for 48 h. Therefore, the high glucose‐induced model was set with a concentration of 30 mmol/L and time of 48 h (Figure [2](#jdi12815-fig-0002){ref-type="fig"}).

![Survival rates of retinal neurons treated with different concentrations of glucose, mannitol and insulin‐like growth factor‐1. (a) Effect of different concentrations of glucose on viability of retinal neurons. (b) Effect of different concentrations of mannitol on viability of retinal neurons. \**P* \< 0.05, compared with the control group; ^\#^ *P* \< 0.05, compared with 12 h.](JDI-9-1041-g002){#jdi12815-fig-0002}

IGF‐1 was confirmed as a target gene of miR‐365 {#jdi12815-sec-0025}
-----------------------------------------------

IGF‐1 was confirmed as a target gene of miR‐365 by microRNA.org (<http://www.microrna.org/microrna/>), an online prediction tool for predicting target genes of miRNAs. The prediction tool revealed a high degree of conservation in the binding domain of 3′UTR of IGF‐1 to miR‐365 (Figure [3](#jdi12815-fig-0003){ref-type="fig"}a). After transfection with miR‐365 mimics, the dual‐luciferase reporter gene assay showed that the relative luciferase activity of IGF‐1 3′UTR‐WT was less than that of the WT + NC group (*P* \< 0.01). No difference in relative luciferase activities was observed in the MT + miR‐365 mimics group or the MT + NC group (Figure [3](#jdi12815-fig-0003){ref-type="fig"}b). This result is consistent with the bioinformatics prediction, further demonstrating that miR‐365 could bind to the base in the seed region of 3′UTR of IGF‐1 messenger RNA (mRNA), leading to targeted inhibition of miR‐365 and IGF‐1.

![The target relationship between insulin‐like growth factor‐1 (IGF‐1) and micro‐ribonucleic acid‐36 (miR‐365) by dual‐luciferase reporter gene assay. (a) Base pairing of miR‐365 and IGF‐1 3′‐untranslated region (3′UTR). (b) Dual‐luciferase analysis of IGF‐1 3′UTR transfected with miR‐365 mimics and miR‐365 negative control. \**P* \< 0.01, compared with the miR‐365‐negative control. MT, mutant type; NC, negative control; WT, wild type.](JDI-9-1041-g003){#jdi12815-fig-0003}

MiR‐365 inhibited proliferation and promoted the apoptosis of diabetic retinal neurons {#jdi12815-sec-0026}
--------------------------------------------------------------------------------------

The proliferation and apoptosis of transfected retinal neurons in the blank, NC, anti‐miR‐365, sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups was detected by EdU assay and Hoechst 33342 staining, respectively. Compared with the NC and blank groups, the anti‐miR‐365 group showed increased proliferation of retinal neurons, while the sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1groups had reduced proliferation. Additionally, significant differences were found at 72 h of transfection (*P* \< 0.05; Figure [4](#jdi12815-fig-0004){ref-type="fig"}). The results of Hoechst 33342 staining (Figure [5](#jdi12815-fig-0005){ref-type="fig"}) showed that, compared with the NC and blank groups, the anti‐miR‐365 group exhibited a reduced apoptosis rate of retinal neurons (*P* \< 0.05), whereas the sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups showed increased apoptosis (*P* \< 0.05). However, the anti‐miR‐365 + sh‐IGF‐1 group had a lower apoptosis rate than the sh‐IGF‐1 group (*P* \< 0.05).

![Proliferation of retinal neurons after transfection among five groups detected by EdU assay. (a) Detection of cell proliferation by 5‐ethynyl‐2′‐deoxyuridine (EdU) staining. (b) Cartogram of cell proliferation of each group. Red fluorescence in (a) were newly proliferated cells. \**P* \< 0.05, compared with the negative control (NC) and blank groups; ^\#^ *P* \< 0.05, compared with the short hairpin ribonucleic acid plasmid (sh‐IGF‐1) group. DAPI, 4′,6‐diamidino‐2‐phenylindole; IGF‐1, insulin‐like growth factor‐1; miR‐365, micro‐ribonucleic acid‐365.](JDI-9-1041-g004){#jdi12815-fig-0004}

![The apoptosis rate of retinal neurons after transfection among five groups. (a) Detection of cell apoptosis by Hoechst 33342 staining. (b) Cartogram of cell apoptosis of each group; the cells directed by a yellow arrow were apoptotic retinal neurons. \**P* \< 0.05, compared with the negative control (NC) and blank groups; ^\#^ *P* \< 0.05, compared with the short hairpin ribonucleic acid plasmid (sh‐IGF‐1) group. IGF‐1, insulin‐like growth factor‐1; miR‐365, micro‐ribonucleic acid‐365.](JDI-9-1041-g005){#jdi12815-fig-0005}

Expressions of miR‐365 and Bax were enhanced and expressions of IGF‐1 and Bcl‐2 were reduced in diabetic retinal neurons in the *in vitro* model {#jdi12815-sec-0027}
------------------------------------------------------------------------------------------------------------------------------------------------

To detect the expression of miR‐365, IGF‐1 and apoptosis‐related proteins in retinal neurons 48 h after transfection with glucose (30 mmol/L), reverse transcription quantitative polymerase chain reaction assay and western blotting were carried out. Compared with the blank group, the miR‐365 expression in the anti‐miR‐365 and anti‐miR‐365 + sh‐IGF‐1 groups was decreased significantly (all *P* \< 0.05), but no significant differences were found in the NC and sh‐IGF‐1 groups (both *P* \> 0.05). Compared with the blank group, the anti‐miR‐365 group showed reduced Bax mRNA and protein expression (*P* \< 0.05), but enhanced expression of IGF‐1 and Bcl‐2 mRNA and protein (*P* \< 0.05); opposite results were found in the sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups(*P* \< 0.05). In contrast with the sh‐IGF‐1 group (*P* \< 0.05), the expressions of IGF‐1, Bax and Bcl‐2 varied significantly between the anti‐miR‐365 and anti‐miR‐365 + sh‐IGF‐1 groups. A negative correlation between miR‐365 and IGF‐1 mRNA was detected by Pearson analysis (*r* = −0.525, *P* = 0.044; Figure [6](#jdi12815-fig-0006){ref-type="fig"}).

![Expressions of micro‐ribonucleic acid‐365 (miR‐365), insulin‐like growth factor‐1 (IGF‐1) and apoptosis‐related proteins (Bcl‐2‐associated X protein \[Bax\] and Bcl‐2) in retinal neurons after transfection among five groups. (a) miR‐365 expression in five groups. (b) Messenger RNA (mRNA) expressions of IGF‐1, Bcl‐2 and Bax in five groups detected by western blotting. (c) Statistical data of protein expressions of IGF‐1, Bcl‐2 and Bax in five groups. (d) Protein expressions of IGF‐1, Bcl‐2 and Bax in five groups detected by western blotting. (e) Correlation analysis of miR‐365 and IGF‐1. \**P* \< 0.05, compared with the blank group; ^\#^ *P* \< 0.05, compared with the sh‐IGF‐1 group. NC, negative control.](JDI-9-1041-g006){#jdi12815-fig-0006}

Larger amount of apoptotic retinal neurons was observed in the sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups {#jdi12815-sec-0028}
----------------------------------------------------------------------------------------------------------

Hematoxylin--eosin staining results showed that retina thickness in the blank, NC, sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups was downregulated compared with the normal group (all *P* \< 0.05). Although the anti‐miR‐365 group showed upregulated retina thickness when compared with the control group, the sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups had decreased retina thickness (all *P* \< 0.05). However, in contrast with the sh‐IGF‐1 group, retina thickness was increased in the anti‐miR‐365 + sh‐IGF‐1group (both *P* \< 0.05). Meanwhile, retinal vascular changes and hyperemia degree were observed. Compared with the normal group, the arrows of the blank and NC groups refer to the vascular structure of the retina being increased and the degree of congestion being aggravated, but these symptoms were relieved in the anti‐miR‐365 group, and the vascular structure of the retina was increased and the degree of congestion was aggravated in the sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups. Compared with the sh‐IGF‐1 group, the vascular structure of the retina and the degree of congestion was not aggravated significantly in the anti‐miR‐365 + sh‐IGF‐1 group (Figure [7](#jdi12815-fig-0007){ref-type="fig"}).

![Hematoxylin--eosin staining results of retinal tissues in diabetes mellitus rats. (a) Observation of retina thickness of diabetes mellitus rats in each group by hematoxylin--eosin staining. (b) Cartogram of retinal thickness of diabetes mellitus rats; the cells shown by black arrows were the number of physalides and retinal neurons. ^@^ *P* \< 0.05, compared with the normal group; \**P* \< 0.05, compared with the blank group; ^\#^ *P* \< 0.05, compared with the transfected insulin‐like growth factor‐1 (IGF‐1) short hairpin ribonucleic acid plasmid (sh‐IGF‐1) group. miR‐365, micro‐ribonucleic acid‐365; NC, negative control.](JDI-9-1041-g007){#jdi12815-fig-0007}

Expressions of miR‐365 and Bax were enhanced, and expressions of IGF‐1 and Bcl‐2 were reduced in diabetic retinal tissues {#jdi12815-sec-0029}
-------------------------------------------------------------------------------------------------------------------------

The miR‐365 expression in the blank, NC and sh‐IGF‐1 groups were increased (*P* \< 0.05) in comparison with the normal group. In the blank, NC, sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups, the expressions of IGF‐1 and Bcl‐2 mRNA and proteins were decreased, whereas the expressions of Bax mRNA and proteins were increased (*P* \< 0.05). The anti‐miR‐365 group showed reduced Bax mRNA and protein expression, but enhanced expressions of IGF‐1 and Bcl‐2 mRNA and proteins (*P* \< 0.05); the sh‐IGF‐1 group presented reduced expressions of IGF‐1, Bcl‐2 mRNA and proteins, but enhanced Bax mRNA and protein expression (*P* \< 0.05; Figure [8](#jdi12815-fig-0008){ref-type="fig"}).

![Expressions of micro‐ribonucleic acid‐365 (miR‐365), insulin‐like growth factor‐1 (IGF‐1) and apoptosis‐related proteins (Bcl‐2‐associated X protein \[Bax\] and Bcl‐2) in retinal tissues of rats among six groups. (a) miR‐365 expression in six groups. (b) Messenger ribonucleic acid (mRNA) expressions of IGF‐1, Bcl‐2 and Bax in six groups. (c) Protein expressions of insulin‐like growth factor‐1 (IGF‐1), Bcl‐2 and Bax in six groups detected by western blotting. (d) Statistical data of protein expressions of IGF‐1, Bcl‐2 and Bax in six groups detected by western blotting. \**P* \< 0.05, compared with the normal group; ^\#^ *P* \< 0.05, compared with the blank group. NC, negative control; sh‐IGF‐1, transfected IGF‐1 short hairpin ribonucleic acid plasmid.](JDI-9-1041-g008){#jdi12815-fig-0008}

IGF‐1 reduced the apoptosis rate of diabetic retinal neurons while miR‐365 increased {#jdi12815-sec-0030}
------------------------------------------------------------------------------------

The results of TUNEL staining revealed that the blank, NC, anti‐miR‐365, sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups showed an increased apoptosis rate compared with the normal group (all *P* \< 0.05). When compared with the blank and NC groups, the anti‐miR‐365 group exhibited a reduced apoptosis rate, but the sh‐IGF‐1 and anti‐miR‐365 + sh‐IGF‐1 groups had an increased apoptosis rate (*P* \< 0.05). The anti‐miR‐365 + sh‐IGF‐1 group had a lower apoptosis rate than the sh‐IGF‐1 group (Figure [9](#jdi12815-fig-0009){ref-type="fig"}).

![Apoptosis rate of retinal neurons in retinal tissues among six groups. (a) Terminal deoxynucleotidyl transferase dUTP nick‐end labeling staining of retinal neurons in retinal tissues of six groups. (b) The apoptosis rate of retinal neurons in retinal tissues among six groups; the cells shown by black arrows were apoptotic retinal neurons. \**P* \< 0.05, compared with the normal group; ^\#^ *P* \< 0.05, compared with the blank group; ^&^ *P* \< 0.05, compared with the transfected insulin‐like growth factor (IGF‐1) short hairpin ribonucleic acid plasmid (sh‐IGF‐1) group. miR‐365, micro‐ribonucleic acid‐365; NC, negative control.](JDI-9-1041-g009){#jdi12815-fig-0009}

Discussion {#jdi12815-sec-0031}
==========

The present study explored the effects of miR‐365 on the apoptosis of retinal neurons by targeting IGF‐1 in diabetic rats through cell transfection and animal models of DR. Consequently, the study shows that miR‐365 promotes the apoptosis of retinal neurons in diabetic rats through IGF‐1, and proposes that miR‐365 might be a potential therapeutic target for DR.

Initially, the present study found that miR‐365 expression was enhanced, but IGF‐1 expression was decreased in diabetes mellitus rats when compared with normal rats. In addition, the dual‐luciferase reporter gene assay confirmed IGF‐1 as the target gene of miR‐365. Consistent with our results, Smith *et al*.[25](#jdi12815-bib-0025){ref-type="ref"} showed that miR‐365 was found to target IGF‐1 in osteoblasts by downregulating the activity of IGF‐1 3′UTR reporter. Through depletion of endogenous anti‐oxidant defenses and generation of excess reactive oxygen species, the high‐glucose condition increases the stress in retinal neurons, therefore stimulating the expression of transforming growth factor‐β1[26](#jdi12815-bib-0026){ref-type="ref"}. Transforming growth factor‐β1, acting as a profibrotic mediator and angiogenesis factor of DR[27](#jdi12815-bib-0027){ref-type="ref"}, can induce the release and translocation of nuclear factor‐kappa B p65 subunit to promote the actions of nuclear factor‐kappa B[26](#jdi12815-bib-0026){ref-type="ref"}. Furthermore, mitogen‐activated protein kinases and extracellular‐related kinase are also induced by high glucose[28](#jdi12815-bib-0028){ref-type="ref"}. Mitogen‐activated protein kinases/extracellular‐related kinase is highly implicated in early DR and other complications of diabetes mellitus through the induction of inflammatory cytokines, and its control on glucose metabolism is also reported in previous studies[29](#jdi12815-bib-0029){ref-type="ref"}, [30](#jdi12815-bib-0030){ref-type="ref"}. Another study suggested that upregulated miR‐365 expression is significantly related to the mitogen‐activated protein kinases/extracellular‐related kinase signaling pathway, as well as the nuclear factor‐kappa B signaling pathway[31](#jdi12815-bib-0031){ref-type="ref"}. IGF‐1 level can be a significant marker of glucose, and reduced expression of IGF‐1 associated with glucose homeostasis might be explained by the decreased insulin level resulting from a high‐glucose condition[32](#jdi12815-bib-0032){ref-type="ref"}.

Additionally, we also showed that the downregulation of miR‐365 could suppress apoptosis of retinal neurons by enhancing IGF‐1. Similar results reported that downregulation of miR‐365 in colon cancer and retinoblastoma cells resulted in inhibited cell cycle and promoted cell apoptosis[33](#jdi12815-bib-0033){ref-type="ref"}. It has been found that IGF‐1 levels were reduced in the tissues of diabetic patients, and that IGF‐1 showed an inhibitory effect on glucose‐induced apoptosis in diabetic neuropathy[34](#jdi12815-bib-0034){ref-type="ref"}. Bax is a pro‐apoptotic protein, and enhanced Bax expression was observed in human diabetic retinas[35](#jdi12815-bib-0035){ref-type="ref"}, whereas Bcl‐2 is an anti‐apoptotic protein, and apoptosis in diabetes mellitus was increased after downregulating Bcl‐2 expression[36](#jdi12815-bib-0036){ref-type="ref"}. MiR‐365 was shown to target Bcl‐2, and a positive correlation between IGF‐1 and Bcl‐2 in airway epithelial cells was reported[37](#jdi12815-bib-0037){ref-type="ref"}, [38](#jdi12815-bib-0038){ref-type="ref"}. In contrast, IGF‐1 can block Bax translocation, with an anti‐oxidative effect in neuronal cells[39](#jdi12815-bib-0039){ref-type="ref"}. Hamada *et al*.[40](#jdi12815-bib-0040){ref-type="ref"} argued that Bax is a downstream target of miR‐365. The downregulation of IGF‐1 promotes the translocation of Bax, followed by enhanced high‐glucose‐induced mitochondrial dysfunction and elicited excess reactive oxygen species generation, leading to oxidative stress in retinal neurons[41](#jdi12815-bib-0041){ref-type="ref"}. In contrast, miR‐365 expression was greatly enhanced, causing increased oxidative stress[42](#jdi12815-bib-0042){ref-type="ref"}. All of these might attribute to the apoptosis of diabetic retinal apoptosis.

In conclusion, the present study explored the pro‐apoptosis effects of miR‐365 on retinal neurons in diabetic rats through IGF‐1, evaluating the negative correlation between miR‐365 and IGF‐1, and showing that miR‐365 may represent a potential therapeutic target in DR. However, future studies are required to understand the specific regulation mechanism as a result of the complex pathogenesis of DR.
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